S.I. 2: EDX Results
In this section the EDX results are summarized for all the mentioned samples prior to (Table S1) and after (Table S2) No data is given on Li as this light element only emits X-rays at 0.05 eV, which is too low for the EDX equipment used to measure our samples. The possibility of the Pt deposition originating from the counter electrode was also checked and no Pt signal was observed. An optimal signal was obtained at a steptime of 0.66s. As can be observed in Figure S3 mostly Ti is seen. A small peak at 48° is likely to belong to Ni-Mo. However, X-ray patterns with several Ni-Mo ratios have been found in the database at this diffraction angle, though most correspond to Ni3Mo. The main issue is that electrodeposited crystallites tend to be small (<10 nm), making them hard to observe. [1] Figure S3: XRD patterns of bare Ti (red) and Ti coated with Ni-Mo (black). Each peak is indicated belonging either to Ti or to Ni-Mo.
S.I. 4: Computational Details

A. Computational reference electrodes
Following the development of the computational hydrogen electrode [2] , we apply an analogous reference electrode for Na and K. Metallic Na and K are in equilibrium with their ion electron pair at -2.71 V vs. SHE and -2.93 V vs. SHE, respectively. [3] We can then simply write the free energy of the ion electron pair as follows:
where refers to the chemical potential. The energy of K(s) and Na(s) can be trivially calculated using DFT, and so in this way we calculate the free energy of the ion electron pair.
B. Energy of Molybdenum dissolution
From literature data [4] , we have the equilibrium potential of the following reaction:
We can then add to this the HER at pH 14 as follows:
Giving a net reaction and equilibrium potential:
Using the Nernst equation, we see that the free energy of this reaction is then: 
S.I. 5: ICP-AES Results
ICP-AES analysis was performed on spent electrolytes and the results are summarized in Table   S3 . Each electrolyte had a volume of 100 mL, except for the experiments run in the H-cell, which were 8 mL. Each sample of pH≤14 was diluted with 0.1 mLacid/mLsample 65% HNO3; the data in ) can suppress the signal of other chemical elements [5] ; this is not relevant for the other ICP-AES measurements as the concentration of alkali metals was always 1M
there. The values found by this technique have an error of analysis of <10%. The values given in red were below the detection limit and thus might have an error of analysis of >10% and thus are only approximate values. During these tests the possibility of Pt leaching from the counter electrode was also studied and no measurable values were found. Figure S6 . A slight increase in capacitance was observed 
S.I. 7: AFM Results
The roughness root-mean-square (RMS) was determined in certain areas of the AFM topographs of the samples. [6] In Figure S9 these areas are masked in the images for samples used in 1M NaOH.
The percentile increase of roughness in these samples is in order of 1h, 4h and 24h of catalysis:
5%, 5% and 23%. For catalysis in 1M KOH only a sample of 24h is studied where an increase of 8% is observed in the marked areas. This result is given in Figure S10 . Furthermore, AFM images on a wider scale are presented to illustrate the more significant aging of this type of sample. illustrating the more significant changes of this sample, it shows significant cracking and chipping of the sample in the probed area.
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S.I. 8: K-deposited Ni-Mo Electrocatalysis
The samples were synthesized from K2MoO4 and NiSO4. 
S.I. 9: XPS Results
In Figure S13 the XPS spectra found for the samples prior to and after catalysis in 1M KOH are shown. It can be observed that Ni is present mostly in its hydroxide phase with traces of the metallic phase (7%) prior to catalysis.
Mo is mostly oxidized into its Mo(VI) state. Only prior to catalysis Mo is partially present in its metallic (7%) and Mo(IV) (26%) phases. The peaks at 229.4 eV and 232.5 eV are labelled MoO2, but could also be Ni4Mo since both are reported at those binding energies. [7] Finally, there is also a component visible which is previously reported as belonging to Mo 5+ species. [8] XPS spectra on the deeper layers yield no significant information since the Ar sputtering to cut away layers also has a reducing effect, making it seem there are only metallic phases, which is not necessarily true. 
S.I. 12: Pt Stability check
To confirm that no Pt leached from the counter electrode and potentially deposited on the working electrodes, EDX and XPS were also used and the results are summarized in Table S4 . In none of the techniques used Pt was observed, effectively proving the counter electrode was stable. It should be noted that the Pt 4f region in XPS could not be properly evaluated because of overlap with the Ni 3p peak. (top), 16h in 1M KOH (middle) and spent 16h in 1M NaOH (lower). As can be observed in the spectra, both before and after catalysis no Pt is present above the detection limit of XPS in the surface of the samples.
S.13: Counter Electrode Controls
To show that the behavior of Ni-Mo is not dependent on the counter electrode we have also studied Au and glassy carbon electrodes. [9, 10] As can be seen in Figure S18 Pt and Au behave similar. This, along with the data presented in section S.12 proves that Pt has no influence on the observed behaviour of Ni-Mo. In the case of glassy carbon we see completely different behaviour. In this case the current density of 10 mA/cm 2 is lost already after 16 s due to the corrosion of glassy carbon. [10] This resulted in the electrode no longer being able to release formed oxygen bubbles and thus a loss of current. Thus is 1M hydroxide solutions glassy carbon is indeed not a suitable counter electrode when studied HER. 
